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WKHRULJLQDOVHUYLFHVLWXDWLRQRI WKHUHDFWRUDFFRUGLQJ WR WKHUHTXLUHPHQWVRI WKHDFFLGHQW LQYHVWLJDWLRQJURXS WKH
UHDFWRUZDVVWXGLHGE\PHWKRGVRIIUDFWXUHDQDO\VLVFKHPLFDOFRPSRVLWLRQDQDO\VLVDQGPHFKDQLFDOWHVWHWF
7KHUHDFWRUZDVLQVWDOOHGRQWKHVHFRQGIORRUE\OLIWLQJOXJV,QWKHDFFLGHQWWKHUHDFWRUZDVGLYLGHGLQWRSDUWV
IURPWKHIODQJHV7KHORZHUSDUWRIWKHUHDFWRUVKHOODQGERWWRPKHDGFUDVKHGLQWRWKHJURXQGUHVXOWLQJLQDSLWRI
DERXWPGHHSVHHILJXUH,WFDQEHVHHQWKDWWKHUHZHUHEROWKROHVLQWKHIODQJHDQGLWLVYLVLEOHWKDWDOOEROWV
ZHUH LQVWDOOHG $ORQJ ZLWK WKH DFFLGHQW UHVFXH VRPH FRPSRQHQWV KDG EHHQ FOHDUHG IURP WKH DFFLGHQW VFHQH
7KHUHIRUH RQO\ SLHFHVRIEROWV RI WKH UHDFWRUZHUH IRXQG7KHXSSHU KHDGRI WKH UHDFWRU IOHZ LQWR DQ DGMDFHQW
IDFWRU\UHVXOWLQJLQDKROHLQWKHERXQGLQJZDOO,WLVDOVRYLVLEOHWKDWWKHEROWVKDGEHHQLQVWDOOHGRQWKHIODQJHRI
XSSHUKHDG

  
 )LJ7KHEXUQHGRXWZRUNVKRS )LJ/RZHUSDUWRIWKHUHDFWRU
$FFRUGLQJWRWKHSURGXFWGHOLYHU\GRFXPHQWDWLRQWKHUHDFWRUZDVEXLOWLQ-DQXDU\DQGWKHLQVWDOODWLRQ
ZDVFRPSOHWHGLQ$XJXVW7KHEDVLFSDUDPHWHUVRIWKHUHDFWRUDUHVKRZQLQWDEOH
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QRUPDOFRQGLWLRQ \HDUV
&RUURVLRQDOORZDQFH PP
6KHOOPDWHULDO &U1L
%XUVWLQJSUHVVXUHRIUXSWXUHGLVF 03D
,QWHUQDOGLDPHWHU PP
&DSDFLW\ P
1RPLQDOWKLFNQHVVVKHOOKHDG PPPP
&DOFXODWHGWKLFNQHVVVKHOOKHDG PPPP
6WXGEROWV
6SHFLILFDWLRQ 0îPP
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0DWHULDO &U0R$
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
$FFRUGLQJWRWKHUHTXLUHPHQWVRIDFFLGHQWLQYHVWLJDWLRQJURXSDQGWKHFXUUHQWODZV	UHJXODWLRQVWKHVKHOODQG
EROWVRIWKHUHDFWRUZHUHDQDO\]HG7KHPDLQEDVLVRIWKHDQDO\VLVLQFOXGHVUHTXLUHPHQWVRIDFFLGHQWLQYHVWLJDWLRQ
JURXSSupervision Regulation on Safety Technology for Stationary Pressure Vessel 76*5Steel 
pressure vessels *%7KHPDLQPHWKRGVXVHG LQ WKH DQDO\VLV LQFOXGH ILHOG LQYHVWLJDWLRQ GDWD UHYLHZ
VDPSOHDQDO\VLVHWF
6WUHQJWKDQDO\VLVRIVKHOO
2.1. Visual inspection 
7KHORZHUSDUWRI WKHUHDFWRU WRRNRXWIURPWKHSLW LVVKRZQLQ)LJ,WFDQEHVHHQWKDW WKHVKHOOZDVEXOJHG
XQGHU KLJK SUHVVXUH+RZHYHU QR FUDFN DSSHDUHG LQ WKH VKHOO 7KH GHIRUPDWLRQ RI XSSHU HQG RI WKH F\OLQGHU LV
VPDOOHUGXHWRUHVWULFWLRQRIIODQJH7KHSODQQHURIWKHIODQJHOHDQHGLQZDUG,QVWDELOLW\RFFXUUHGLQWKHERWWRPKHDG
GXHWRKLWWLQJRQWRWKHJURXQG7KHPD[LPXPFLUFXPIHUHQFHRIWKHGHIRUPHGF\OLQGHULVPPDQGWKHGLDPHWHU
LVPPDFFRUGLQJO\7KHRXWHUGLDPHWHUVKRZQLQWKHSURGXFWGHOLYHU\GRFXPHQWDWLRQLVPPDQLQFUHDVH
RIPPRFFXUUHG
7KHXSSHUKHDGRIWKHUHDFWRUZDVGLVWRUWHGDVVKRZQLQ)LJRIWKHQR]]OHVKDGIDOOHQRIIFRPSOHWHO\DQG
WKHUHPDLQLQJQR]]OHVZHUHGLVWRUWHGDQGWRUQ

  
 )LJ/RZHUSDUWRIWKHUHDFWRU )LJ8SSHUKHDG
2.2. Thickness measurement 
'UDZDOLQHWKURXJKWKHFHQWHURIWKHQDPHSODWHDQGWKHQSDUDOOHOOLQHVGLYLGLQJWKHVKHOOLQWRLGHQWLFDOSDUWV
$FFRUGLQJ WR WKLFNQHVVPHDVXUHPHQWDORQJ WKH OLQHV WKHPLQLPXPWKLFNQHVV LVPPDQG WKHPD[LPXPLV
PP7KHPLQLPXPWKLFNQHVVRIWKHXSSHUKHDGLVPP
$FFRUGLQJWRWKHVWUHQJWKFDOFXODWLRQRIUHDFWRULQWKHSURGXFWGHOLYHU\GRFXPHQWDWLRQWKHFDOFXODWHGWKLFNQHVVRI
VKHOOLVPPDQGPPIRUKHDG7KHFDOFXODWHGWKLFNQHVVHVDUHPXFKORZHUWKDQWKHPHDVXUHGWKLFNQHVVHV
,WFDQEHFRQFOXGHGWKDWDOWKRXJKWKHUHZHUHZDOOWKLQQLQJLQGLIIHUHQWGHJUHHVWKHUHPDLQLQJZDOOWKLFNQHVVLVPXFK
ODUJHUWKDQWKHFDOFXODWHGWKLFNQHVV
&RQFOXVLRQVFDQEHPDGHIURPWKHUHVXOWVRIYLVXDOLQVSHFWLRQDQGWKLFNQHVVPHDVXUHPHQWWKDWWKHVWUHQJWKRIWKH
VKHOOPHHWVWKHGHVLJQUHTXLUHPHQWV
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)DLOXUHDQDO\VHVRIEROWV
'XULQJWKHDFFLGHQWWKHEROWVZHUHEURNHQ7KHUHIRUHIDLOXUHDQDO\VHVRIWKHEROWVZHUHFRQGXFWHGLQWKLVSDSHU
$FFRUGLQJWRWKHSURGXFWGHOLYHU\GRFXPHQWDWLRQDQGWKHUHVXOWVRIYLVXDOLQVSHFWLRQWKHUHVKRXOGEHEROWVRQWKH
UHDFWRU+RZHYHURQO\SLHFHVZHUHIRXQG*LYHQXPEHUaWRWKHSLHFHVDQGWKHSLHFHVRIEROWVZHUHWHVWHG
DQGLQVSHFWHG
3.1. Visual inspection 
,W FDQEHVHHQ IURP)LJ WKDW WKH UHDFWRU IODQJHKDGEHHQGHIRUPHG7KDW LV WKHEROWVZHUHXQGHU WHQVLOHDQG
EHQGLQJVWUHVVHVGXULQJWKHH[SORVLRQ7KHSLHFHVRIEROWVIRXQGRQVLWHKDGEHHQFRUURGHG7KHPRUSKRORJ\DQG
VL]HRIWKHEROWVDIWHUFOHDQLQJDUHVKRZQLQ)LJ


)LJ6L]HRIWKHEROWSLHFHV
,WFDQEHVHHQIURP)LJWKDWWKHIUDFWXUHRFFXUUHGDWWKHQRWKUHDGSDUW7KHSLHFHVFDQQRWEHILWPXWXDOO\
LQGLFDWLQJWKDWWKH\DUHLQGHSHQGHQWSLHFHV$PRQJWKHSLHFHVWKHORQJHVWLVPPDQGWKHVKRUWHVWLVPP
7KHGLDPHWHURIWKUHDGVHFWLRQLVPP2WKHUSK\VLFDOFKDUDFWHULVWLFVDUHVKRZQLQ7DEOH
7DEOH6L]HDQGVKDSHRIWKHEROWSLHFHV
%ROWSLHFH     
7RWDOOHQJWKPP     
'LDPHWHURIQRWKUHDGVHFWLRQPP     
'LDPHWHUDWWKHUXSWXUHPP     

 
)LJ)UDFWXUHPRUSKRORJ\RI
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  
 D)UDFWXUHFHQWHU E)UDFWXUHHGJH
)LJ6FDQQLQJHOHFWURQPLFURJUDSKVRI
3.2. Fracture morphology analysis 
)UDFWXUHPRUSKRORJ\DQDO\VLVDQGVFDQQLQJHOHFWURQPLFURVFRS\DQDO\VLVZHUHFRQGXFWHGIRU WKHEROWSLHFHV
7KHSLFWXUHVRIDUHVKRZQLQ)LJDQG)LJ
,WFDQEHVHHQIURPWKHPDFURVFRSLFH[DPLQDWLRQWKDWWKHUHZHUHQRREYLRXVPHWDOOXUJLFDOGHIHFWDWWKHIUDFWXUH
7KHUHZDVREYLRXVIUDFWXUHWLJKWHQLQJLQLQGLFDWLQJWKDWWKHEROWZDVRYHUORDGHG7KHWHQVLOHVKULQNDJHUHJLRQRI
 LV ODUJH VKRZLQJ ODUJHSODVWLF SHUIRUPDQFH  VKRZV WKH VDPH IDLOXUH FKDUDFWHULVWLFV DV   DQG VKRZ
LQFOLQHGWHQVLOHIUDFWXUHPRUSKRORJ\
$FFRUGLQJWRWKHUHVXOWVRIVFDQQLQJHOHFWURQPLFURVFRS\DQDO\VLVWKHEROWSLHFHVVKRZGLPSOHIUDFWXUHDQGWKH
HGJHVKRZWHDULQJGLPSOHIUDFWXUH
,WFDQEHFRQFOXGHGWKDWWKHEROWVZHUHEURNHQGXHWRRYHUORDG7KHEROWVZHUHEHDULQJWHQVLOHDQGEHQGLQJORDG
ZKLOHFUDFNLQJ7KHUHDUHQRREYLRXVPHWDOOXUJLFDOGHIHFWVDWWKHIUDFWXUHV
3.3. Chemical composition analysis 
$SSO\VSHFWUDODQDO\VLVWRWKHEROWSLHFHV7KHFKHPLFDOFRPSRVLWLRQVRIWKHEROWVDUHVKRZQLQWDEOH,WFDQ
EHFRQFOXGHGWKDWWKHFRPSRVLWLRQVDUHVLPLODUO\WRVWHHO7KDWLVGLIIHUHQWIURPWKH&U0R$VWHHOVKRZQLQWKH
DVEXLOWGUDZLQJ$OVRWKHUHZDVQRPDWHULDOVXEVWLWXWHUHFRUG
7DEOH&KHPLFDOFRPSRVLWLRQRIWKHEROWSLHFHVZW
%ROWSLHFH & 6 6L 0Q 3 &U 1L &X 0R
         
         
         
         
         
VWHHO>@ a  a a     
&U0R$>@ a  a a  a   a
3.4. Mechanical test 
7HQVLOHWHVWLQJ
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'XHWROLPLWDWLRQRIWHVWSLHFHVORQJLWXGLQDOVDPSOHVIRUWHQVLOHWHVWZHUHWDNHQIURPWKHWKUHDGVHFWLRQRI
DQG7KHOHQJWKVRIWKHVDPSOHVZHUHPPDQGPPUHVSHFWLYHO\DVVKRZQLQ)LJ7KHUHVXOWVRIWHQVLOH
WHVWDUHVKRZQLQWDEOH


)LJ7HVWVDPSOHVRIDQG
7DEOH5HVXOWVRIWHQVLOHWHVW
%ROWSLHFH
<LHOGVWUHQJWK
03D
7HQVLOHVWUHQJWK˄RP˅
03D
(ORQJDWLRQA

5HGXFWLRQRIDUHDZ

 ˄RS˅   
 ˄RH/˅   
*UDGH%ROWd!PP>@    
&U0R$%ROW0a0>@    

,PSDFWWHVW
LPSDFWVSHFLPHQVZHUHSUHSDUHGIURPDQGDQGWKHVL]HLVPPîPPîPP7KHUHVXOWVRILPSDFW
WHVWKV-DUH-IRUDQG-IRU
$FFRUGLQJWRWKHUHVXOWVRIPHFKDQLFDOWHVWWKHPLQLPXPWHQVLOHVWUHVVLV03DWKHPLQLPXP\LHOGVWUHQJWKLV
03D DQG WKH LPSDFW HQHUJ\ LV - 7KH EROWV GR QRW PHHW WKH  JUDGH KLJK VWUHQJWK EROW d!PP
UHTXLUHPHQWV
3.5. Strength verification 
'XHWRODFNRIGDWDRIPHFKDQLFDOSURSHUWLHVRIPDWHULDOVDWGHVLJQWHPSHUDWXUHWKHUHVXOWVRIWHQVLOHVWUHQJWKDQG
\LHOG VWUHQJWK DW URRP WHPSHUDWXUH DUH XVHG IRU VWUHQJWK YHULILFDWLRQ %RWK SUH WLJKWHQLQJ FRQGLWLRQ DQG SURRI
SUHVVXUHWHVWFRQGLWLRQDUHYHULILHG7KHFDOFXODWLRQSURFHVVHVDUHRPLWWHGLQWKLVSDSHU
7KHDOORZDEOHVWUHVVLV
>V@E  03D
7KHPLQLPXPDUHDQHHGHGIRUSUHWLJKWHQLQJFRQGLWLRQLV
AD WD>V@E  PP
7KHPLQLPXPDUHDQHHGHGIRUSURRISUHVVXUHWHVWFRQGLWLRQLV
AS WS>V@E  PP
PD[ASAD PP
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7KHWRWDODUHDRIEROWVLV
AE 

±GQ  îî PP
6LQFH AE!PD[ AS AD WKH VWUHQJWK YHULILFDWLRQ LV VDWLVILHG ,W FDQ EH FRQFOXGHG WKDW WKH EROWV PHHW WKH
UHTXLUHPHQWVRISURRISUHVVXUHWHVWFRQGLWLRQ
3.6. Estimation of internal pressure causing cracking of bolts 
'XHWRODFNRIGDWDRIPHFKDQLFDOSURSHUWLHVRIPDWHULDOVDWGHVLJQWHPSHUDWXUHWKHLQWHUQDOSUHVVXUHOHDGLQJWR
FUDFNLQJRIEROWVLVHVWLPDWHGXVLQJWKHUHVXOWVRIPHFKDQLFDOWHVWDWURRPWHPSHUDWXUH7KHEXUVWLQJSUHVVXUHRIVKHOO
LVDOVRHVWLPDWHG7KHFDOFXODWLRQSURFHVVHVDUHRPLWWHGLQWKLVSDSHU
7KHFDOFXODWHGLQWHUQDOSUHVVXUHOHDGLQJWRFUDFNLQJRIEROWVLVDERXW03D$QGWKHEXUVWLQJSUHVVXUHRIVKHOO
LVDERXW03D7KDWLVZK\WKHEROWVZHUHFUDFNLQJZKLOHWKHVKHOOZDVGHIRUPHGEXWGLGQRWFUDFN,WLVDOVRD
SURRIRIWKDWWKHUHDFWRUZDVRYHUORDGHGEH\RQGGHVLJQSUHVVXUHEXWGLGQRWUHDFKWKHEXUVWSUHVVXUHRIVKHOO
,I WKHVSHFLILHGEROWVZHUHXVHG WKDW LV WKHPDWHULDOZRXOGEH&U0R$7KHQ WKHFDOFXODWHG LQWHUQDOSUHVVXUH
OHDGLQJ WRFUDFNLQJRIEROWV LVDERXW03D7KDW LVKLJKHU WKDQ WKHEXUVWLQJSUHVVXUHRIVKHOO ,WFRXOGEHVHHQ
IURPWKHVKHOO WKDW WKH UHDFWRUZDVRYHUORDGHGVHULRXVO\+RZHYHU LW LVGLIILFXOWRIJDLQ WKHUHDO LQWHUQDOSUHVVXUH
GXULQJ WKHDFFLGHQW7KHUH LVQRHYLGHQFH WKDW WKHVSHFLILHGEROWVFRXOGSUHYHQW WKHEXUVWLQJ ,Q WKDWRFFDVLRQ WKH
EXUVWZRXOGRFFXUDWVRPHZKHUHLQWKHVKHOO
&RQFOXVLRQV
$FFRUGLQJ WR WKH DQDO\VLV UHVXOWV WKH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ UHJDUGOHVV RI WKH IDFWRUV RI
PDQDJHPHQW
7KHUHDFWRUZDVGHIRUPHGDQGWKHZDOOZDVWKLQQHGGXHWRRYHUORDG+RZHYHUWKHUHPDLQLQJZDOOWKLFNQHVVLV
PXFKODUJHUWKDQWKHFDOFXODWHGWKLFNQHVV7KHVWUHQJWKRIWKHVKHOOPHHWVWKHUHTXLUHPHQWVRIGHVLJQFRQGLWLRQ
)UDFWXUHDQDO\VLVUHVXOWVVKRZWKDWWKHEROWVZHUHFUDFNHGGXHWRH[WUHPHWHQVLOHORDG7KHUHDUHQRREYLRXV
PHWDOOXUJLFDO GHIHFWV LQ WKH EROWV 7KH ORDGV RQ WKH EROWV ZKLOH FUDFNLQJ ZHUH PXFK KLJKHU WKDQ WKDW RI GHVLJQ
FRQGLWLRQ
,WFDQEHFRQFOXGHGDFFRUGLQJWRWKHVWUHQJWKYHULILFDWLRQWKDWWKHEROWVPHHWWKHSURRISUHVVXUHWHVWFRQGLWLRQ
$FNQRZOHGJHPHQWV
7KHILQDQFLDOVXSSRUWVRI60%476DUHJUDWHIXOO\DFNQRZOHGJHG
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